Objective: The primary goal of the current study was to investigate factors contributing to more negative cognitive change at older ages. Method: Longitudinal data on 12 cognitive tests were examined in 2,637 adults ranging from 18 to 85 years of age. Because both the intervals between measurement occasions and the number of occasions varied across participants, it was possible to investigate effects of interval and number of measurement occasions on cognitive change in adults of different ages. In addition, about 1/2 of the participants performed alternate versions of the tests on a second and third session on the first occasion, which allowed change to be monitored over intervals of less than 1 week. Results: Regression analyses revealed that cognitive change was more negative with increases in the interval between occasions but was more positive with additional measurement occasions. Both the effects of interval and of number of measurement occasions were similar across adulthood. Increased age was associated with more positive gains over a period of a few days but was associated with more negative declines when the intervals between occasions averaged about 3 years. Conclusions: This combination of results suggests that longitudinal change in cognitive functioning is more negative at older ages not because of greater declines with increases in the interval between measurement occasions, or because of smaller gains with additional measurements. Instead most of the age differences in change may be due to greater losses of benefits associated with the initial assessment over intervals of months or more from the initial assessment.
. To illustrate, correlations between age at the first (T1) occasion and difference scores across the interval from the first (T1) to the second (T2) occasion, derived from tables containing averages in groups ranging from 25 to 88 years of age, were Ϫ.93 for episodic memory (Rönnlund et al., 2005, Table  3 ), Ϫ.80 for score on the block design test (Rönnlund et al., 2006 , Table 3 ), and Ϫ.89 for an aggregate measure of intellectual ability (Schaie, 2013, Table 5 .1). Although the phenomenon of more negative change with increased age is well-established, relatively little is known about the mechanisms involved.
One factor that could be contributing to the negative age-change relations is more rapid decline in cognitive performance with increases in the interval from the first to the second assessment. That is, the slope of the function relating cognitive change to the interval between measurement occasions may be more negative at older ages. Although plausible, influences of age on the relations between cognitive change and the interval between measurements are difficult to investigate in typical longitudinal studies in which there is little variability in the intervals between occasions, such that increases in the interval between measurement occasions are almost perfectly correlated with increases in age.
The Virginia Cognitive Aging Project is unique in this respect because the intervals between measurement occasions were deliberately varied across participants. Salthouse (2011a) capitalized on this feature in analyses of two-occasion longitudinal data with 1,576 adults between 19 and 95 years of age, and intervals between the two occasions ranging from 0.8 to 8.4 years. The major results were that the functions relating cognitive change to the interval between occasions were nearly parallel in adults of different ages, with little or no interactions of age and interval in the prediction of change.
The purpose of the current study was to extend the analysis of age differences in cognitive change in two directions. First, only two occasions were considered in the prior study, but it is possible that change is influenced by the number of measurement occasions in addition to the length of the interval between occasions. Because almost 1,500 Virginia Cognitive Aging Project participants completed three or more occasions, effects of number of occasions on change were examined in the current study. These effects were investigated by determining the last (i.e., Tn) occasion for each participant (corresponding to the second for those with only 2 occasions, the third for participants with 3 occasions, and the fourth for participants with 4 or more occasions), and the interval from the first (T1) to the last (Tn) occasion. Regression analyses were then conducted with number of measurement occasions (i.e., 2, 3, or 4) serving as a predictor of change across the T1-Tn interval.
A second focus in the study was on age differences in change across short intervals from the initial occasion. Specifically, age differences in change were investigated with T1-T2 intervals averaging about 1 year, and across very short intervals averaging less than 1 week. The contrast of change in these two conditions allowed influences operating from a first to a second assessment over a moderate interval to be distinguished from influences operating from a first to a second assessment over a very short interval.
In addition to these new goals, the earlier (Salthouse, 2011a) analyses of the effects of the interval between occasions on cognitive change were extended with a larger sample of adults (N ϭ 2,637), and a range from the first to the last occasion up to 15 years. The prior results of age differences in level of change, but not in the relation between change and interval between occasions, were expected to be replicated.
Method Participants
Participants were recruited from the community with advertisements, flyers, and referrals from other participants. The interval between occasions was varied across participants to allow test experience effects to be investigated by reducing the correlation between increase in test experience and increase in age that is high when all participants have the same intervals between occasions (e.g., McArdle et al., 2002; Salthouse, Schroeder, & Ferrer, 2004) . A combination of deliberate variation, and particularly after the second occasion, compatibility of the participant's schedule with the testing schedule, was used to determine the interval between occasions.
Participation consisted of reporting to the laboratory for three sessions separated by about 1 week, during which alternate versions of the primary cognitive tests were performed. These three sessions constituted a measurement burst design which allowed the investigation of within-person variability (Salthouse, 2007) , and within-occasion change (Salthouse, 2013) . To investigate other issues, about one half of the participants performed different cognitive tests on the second and third sessions of the first occasion, but all participants performed alternate versions of the same tests on subsequent occasions. The alternate versions on Sessions 2 and 3 involved different items with the same format as the original tests. Scores on all versions were converted to the same scale as that on Session 1 by administering the test versions to a sample of participants in a counterbalanced order, and then using regression equations to statistically equate the mean scores across versions (for details see Salthouse, 2007) .
Characteristics of the total sample, and in subgroups with each number of longitudinal measurement occasions, and in three different age ranges, are reported in Table 1 . The number-of-occasion groups were formed according to the maximum number of occa- (Folstein, et al., 1975) . Values are from the T2 occasion in which the test was administered to all participants. Estimated IQ is an estimate of IQ based on age-adjusted scores on three tests found to be highly related to Wechsler IV full scale IQ (Salthouse, 2014b) . The T1-Tn interval is in years. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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sions completed by the participants, and therefore each group was comprised of different participants. Inspection of the values in Table 1 reveals that the groups were fairly similar in terms of demographic characteristics. Possible differences in cognitive ability of participants with different intervals or numbers of occasions were examined with correlations between the T1-T2 interval and number of occasions and both the mean z-score and the MMSE score at T1. None of the interval correlations, which ranged from .03 to .07, were significant, and thus there was no evidence that participants with different intervals differed in initial level of cognitive ability. Correlations of T1 MMSE score and number of occasions were small (i.e., Ϫ.02 to .07) and not significant, but the correlations with T1 mean z-scores were significantly positive in the 45-64 (r ϭ .18) and 65-85 (r ϭ .25) age groups.
A number of issues related to longitudinal change in this project have been investigated in previous publications. For example, Salthouse (2012) found that the rate of cognitive change was similar among participants with different levels of initial ability after considering effects associated with regression to the mean. Selective attrition was investigated in another study (Salthouse, 2014b) by comparing actual change in longitudinal participants with imputed change in nonreturning participants. The results indicated that selective attrition primarily affected level of functioning rather than rate of change. Several studies (i.e., Salthouse, 2014c Salthouse, , 2015b Salthouse, , 2016a ) investigated effects of test experience on change by comparing new participants tested for the first time with longitudinal participants of the same age tested for the second time, and comparing longitudinal (i.e., same participants tested at different ages and different times) and quasi-longitudinal (i.e., different participants tested at different ages and different times) age trends. In each case the inferred test experience effects were positive, and smaller at older ages. Finally, statistical control procedures have revealed that large proportions of cognitive change appear to be general, and shared across different cognitive abilities, rather than specific to particular cognitive domains (Salthouse, 2016b (Salthouse, , 2017 .
Measures
The analyses were conducted on scores from 12 tests representing four cognitive abilities: memory, speed, reasoning, and spatial visualization. Memory was assessed with tests of word recall (Wechsler, 1997b) , paired associate learning (Salthouse, Fristoe, & Rhee, 1996) , and logical memory (Wechsler, 1997b) . Speed was assessed with tests of digit symbol substitution (Wechsler, 1997a) , and pattern comparison and letter comparison (Salthouse & Babcock, 1991) . Reasoning was assessed with tests of matrix reasoning (Raven, 1962) , series completion (Zachary, 1986) , and letter sets (Ekstrom, French, Harman, & Dermen, 1976) . Spatial visualization ability was assessed with tests of spatial relations (Bennett, Seashore, & Wesman, 1997) , paper folding (Ekstrom et al., 1976) , and form boards (Ekstrom et al., 1976) . Tests of vocabulary were also performed, but they were not analyzed here because they have different age trends than the other measures and can be postulated to reflect an achievement based on the interaction of abilities and experience rather than an ability. Most participants completed all tests, although some tests were not administered in the early years of the project, and certain tests were not completed by participants with sensory or motor limitations.
All scores were converted to z-scores based on the mean and standard deviation of scores on the first (T1) occasion. Means of the three z-scores for each ability were computed at each occasion to assess the separate abilities, and the mean of all 12 z-scores was computed to represent general cognitive ability.
The primary analyses were conducted on difference scores created by subtracting the score at the first (T1) occasion from the score at a later (Tn) occasion. Difference scores have the advantage of directly representing change compared to regression residuals which reflect relative, rather than absolute, change. However, the data were also analyzed with latent change models (using the model portrayed in Figure 2 in Salthouse, 2015a) , which minimize measurement error because the latent variables are defined by shared systematic variance, and control influences on the level of performance when examining effects on change. The results with difference scores and with the latent change analyses were very similar, but only results with difference scores are reported because they are simpler and more familiar.
Results

1
The first two sets of analyses focused on the T2-T1 differences in the total sample of 2,637 participants, and in subgroups with different numbers of occasions. The initial analyses with the total sample investigated linear and nonlinear age and interval effects across the T1-T2 interval for the mean z-score. The nonlinear (quadratic) trend was not significant for either age or interval. Although there was no evidence of nonlinear age trends in the entire sample, another set of analyses explored possible nonlinear trends by comparing the 429 adults between 65 and 74 years of age (mean age 69) with the 228 adults between 75 and 85 years of age (mean age 79). The two groups did not differ in T2 MMSE scores (i.e., 28.6 vs. 28.3), but the coefficient relating change to T1-T2 interval effect was significantly more negative in the group with a mean age of 79 than in the group with a mean age of 69 (Ϫ.100 vs. Ϫ036, d ϭ Ϫ.31). This combination of results suggests that there may be an accelerated decline of interval effects in adults over 65 years of age who, based on their MMSE scores, have little evidence of dementia. Figure 1 portrays the mean and standard deviation of the T2-T1 difference in mean z-score as a function of the interval between the T1 and T2 occasions. The interval comparisons involve different individuals, and thus it is not surprising that the standard deviations were large. Nevertheless, a clear linear trend is apparent in which longer intervals between the two occasions were associated with more negative change.
Regression equations were used to predict the T2-T1 difference score from age, T1-T2 interval, and the interaction of age and interval (examined with the product of centered age and interval variables). Results of these analyses with the mean z-score across all 12 measures, and with the composite scores for each ability domain, are presented in Table 2 . The age and interval relations 1 Because of the moderate number of statistical comparisons, a significance level of .01 was used to minimize chance findings. The reduction in power associated with a conservative significance level was considered acceptable because of the relatively large sample sizes. This document is copyrighted by the American Psychological Association or one of its allied publishers.
were all significant, with smaller age effects than interval effects. Importantly, none of the interactions of age and interval was significant, and thus there was no evidence that the interval effects on cognitive change varied as a function of age. Effects of interval and number of measurement occasions on the difference scores were investigated in two sets of analyses. The strong correlation (r ϭ .75) between total interval (i.e., T1-Tn) and number of occasions (i.e., n) resulted in distortion of the regression coefficients when both predictor variables were considered simultaneously. Separate analyses were therefore conducted of age and interval with each number of occasions, and of age and number of occasions with statistical control of interval, and with intervals below and above the median T1-Tn interval.
Unstandardized coefficients for the effects of interval on the Tn-T1 difference score with each number of occasions are reported in Table 3 . Inspection of the entries in the table reveals that the same pattern was apparent in the analyses of the mean z-score, and in the analyses for each ability domain. That is, the majority of the age and interval relations, but none of the interactions, were significantly different from zero.
Regression lines relating change to the interval between occasions, with change expressed as the Tn-T1 difference in mean z-score, are portrayed in the three panels of Figure 2 . Several points should be noted about the data in this figure. First, the difference scores at short intervals were positive, which likely reflects influences of prior test experience. Second, in each age group the difference scores were more negative with longer intervals between occasions. Third, the difference scores were more negative at older ages with each number of occasions. And fourth, with the exception of flatter functions relating difference score to interval with four occasions in the young group, the regression lines were nearly parallel in each age group.
A second set of regression analyses examined Tn-T1 differences as a function of the number of measurement occasions. Three separate analyses were conducted with each cognitive measure, one based on all participants with the T1-Tn interval as a covariate, one based only on data of participants with T1-Tn intervals below the median (5.1 years) interval, and a third based only on data of participants with T1-Tn intervals above the median. Results of these analyses are summarized in Table 4 , where it can be seen that in most of the analyses the difference score representing cognitive change was more positive with additional measurement occasions. Several interactions of age and number of occasions were significant, in each case corresponding to smaller effects of number of occasions at older ages. Figure 3 portrays the same data as Figure 2 , but with the panels portraying results by age group instead of by number of occasions. This organization of the data reveals that successive occasions were characterized by distinct interval-change functions, in which the functions with more occasions were associated with similar slopes but higher intercepts. The Tn-T1 mean z-score differences, controlling variation in age and T1-Tn interval, were Ϫ.11, .04, and .15 standard deviations with two, three, and four occasions, respectively.
Thick solid lines are portrayed in Figure 3 to illustrate the relation of cognitive change that would be expected if the assessments were spaced two years apart. Notice that even though longer intervals are associated with more negative change, the thick lines indicate that negative interval effects would not be detected if additional assessments occurred between the first and last measurement occasion.
Another set of analyses involved comparisons of mean z-score change across discrete age groups instead of treating age as a continuous predictor in multiple regression. Results of these analyses are reported in Table 5 , in the form of means and 99% confidence intervals, and effect sizes in d units for the differences between age groups. Entries in the top two panels, consisting of regression coefficients for the interval and number-of-occasions effects, confirm the lack of age differences on the effects of T1-T2 interval and number of occasions on cognitive change found in the regression analyses.
The middle two panels report results contrasting age groups on change across short and long T1-T2 intervals. With short T1-T2 intervals averaging about 1 year the change was positive and nearly equivalent in the young and middle groups, but the change was not different from zero in the old group. However, there was a monotonic negative relation between cognitive change and age with T1-T2 intervals greater than 1.5 years, and all of the differences between age groups were significant.
As noted in the introduction, approximately one half of the participants performed different versions of the cognitive tests on the second and third sessions of the first occasion. The bottom two panels of Table 5 report age differences for these participants in the mean z-score change across successive sessions separated by about one week. Note that there were positive changes from the first to the second session in each age group, with larger gains at older ages. The gains were less pronounced from the second to the third session, and none of the age group differences in the magnitude of change were significant in this contrast.
Several checks on the robustness of the results were conducted. For example, all of the analyses were repeated with the latent change model portrayed in Figure 2 of Salthouse (2015a) . In addition, because many of the participants performed alternate versions of the tests on the second and third sessions at each occasion (Salthouse, 2007) , and also performed sequential and Figure 1 . T2-T1 difference in mean z-score by T1-T2 interval. The number of participants in successive intervals from 1 to 15 years were, respectively: 224, 1036, 767, 236, 150, 73, 65, 32, 19, 16, 7, 5, 3 , 1, and 2. Bars represent standard deviations. This document is copyrighted by the American Psychological Association or one of its allied publishers.
alternating versions of the Connections Test (Salthouse, 2011b) , similar analyses were conducted on these data. In all cases, the pattern closely resembled that in the primary analyses with significant effects of age, interval, and number of occasions, but little or no interactions of age and interval, or age and number of occasions.
Discussion
The results summarized in all three figures, and the coefficients for interval in Tables 2 and 3, indicate that the change in cognitive functioning between a first and second measurement occasion was more negative with increases in the interval between occasions. As noted in the introduction, increased age has been found to be associated with more negative cognitive change, and thus steeper declines in the change-interval function might have been expected at older ages. However, the results of this study confirmed and extended the results reported by Salthouse (2011a) of little or no age differences in the slopes of the functions relating cognitive change to the interval between the first and second measurement occasions, and no interactions of age and interval on the T2-T1 difference scores.
A second focus in the study involved investigating effects of number of measurement occasions on cognitive change. The results in Table 2 and Figures 2 and 3 indicate that the functions relating change to the interval between occasions had similar slopes, but higher levels, with more measurement occasions. Furthermore, regression analyses revealed that although the mean z-score difference was more negative by about Ϫ.05 standard deviations per year of interval, it was more positive by about .10 standard deviations with each additional measurement occasion. In addition to supporting a distinction between different components of change, the discovery of positive effects of number of cognitive assessments suggests that, contrary to intuition, sensitivity to detect cognitive change may be reduced, rather than enhanced, with increases in the number of assessments (Salthouse, 2014a) .
The possibility that participants with different intervals between occasions, or with different numbers of occasions, might have differed with respect to their initial levels of functioning was examined with correlations between Time 1 cognitive functioning and interval duration and number of occasions. The correlations with interval were all small and not significantly different from zero, which implies that although the variations in intervals oc- Figure 2 . Regression lines relating T2-T1 change in mean z-score units to interval in years between occasions for adults in three age groups. The three panels portray results with two, three, or four occasions. This document is copyrighted by the American Psychological Association or one of its allied publishers.
curred for a variety of reasons, the effects of interval on change were not confounded with differences in cognitive functioning. There were positive correlations between the T1 mean z-score and number of occasions in the middle and old groups, which suggests that participants over the age of 45 who returned for more occasions had higher levels of cognitive functioning than the participants who did not return. It is therefore possible that the positive effects of number of occasions on change may have been overestimated relative to what would have been found had the participants not differed in initial level of functioning. Change was also examined across short intervals between assessments. As expected from the discovery of age differences in the level of the functions relating change to interval, cognitive change was less positive with increased age when the T1-T2 intervals averaged a little more than one year. Factors operating within the first 12 to 18 months after the initial occasion can therefore be inferred to contribute to the age differences in cognitive change.
At least two types of influences could be contributing to change over short intervals; time-related processes associated with the interval between assessments, and experience-related processes originating in the first assessment and manifested in the second assessment. Because many participants performed alternate versions of the tests on sessions separated by about one week, it was possible to investigate performance in a second assessment with minimal involvement of time-related influences. The results in Table 5 indicated that the change over an interval of about one year was more negative with increased age, but that change over an interval of about one week was more positive with increased age. This combination of results implies that it is the presence of an interval of months or more from the first assessment that is the major factor contributing to negative age differences in cognitive change. Note. The coefficients for age represent Tn-T1 differences for each year of age, and those for the T1-Tn interval correspond to differences for each year of T1-Tn interval. The numbers in parentheses are the lower and upper values for the 99% confidence interval. Sample sizes ranged from 809 to 1,147. ‫ء‬ p Ͻ .01. This document is copyrighted by the American Psychological Association or one of its allied publishers.
It is instructive to compare the results of this study with those of other longitudinal studies. Some studies, such as those cited in the introduction, focused on healthy adults across a wide age range. Consistent with the current results, those studies have typically found more negative change at older ages, frequently manifested in a shift from positive to negative change with increased age.
Other longitudinal studies have been restricted to older adults and have been primarily focused on distinguishing between healthy and pathological aging. These studies have often reported a period of relatively stable cognitive functioning, followed by substantial decline prior to dementia diagnosis (e.g., Johnson, Storandt, Morris, & Galvin, 2009; Machulda et al., 2013; Wilson et al., 2012) . As an example, Wilson et al. (2012) reported a study involving adults with an average age of about 80 years and a mean MMSE of 28.3 at the initial occasion who were evaluated annually for an average of 10 years. All of the participants were eventually diagnosed with dementia and had an average MMSE of 21.1 at the time of diagnosis. There was no cognitive decline in these participants until about 7.5 years prior to the diagnosis of dementia, but the decline accelerated in the years immediately preceding the diagnosis.
In contrast to the studies limited to older adults, the participants in the current study spanned a wide age range, with a mean age of 53 years, and had high levels of functioning throughout the period of observation, as the average MMSE at the second occasion was over 28. Another difference from the studies just mentioned is that the frequent evaluations in the earlier studies may have obscured cognitive decline because the results portrayed in the bottom right panel of Figure 3 indicate that little decline would be expected when assessments are separated by intervals of two years or less.
All of the previous longitudinal studies focused on overall change, but the findings in this and other recent studies (i.e., Salthouse, 2011a Salthouse, , 2013 , suggest that longitudinal change can conceptualized as involving at least four distinct components. One component can be postulated to operate over an interval of years between occasions. Although the age and interval variables are both scaled in units of time, the dimensions differ in important respects. To illustrate, the interval dimension corresponds to time since the initial assessment, and thus the negative change can be postulated to reflect decline from the first measurement in the relevant ability. In contrast, the age dimension refers to time from birth, and because it is meaningful in the absence of prior assessments, it may reflect neurobiological processes that operate independent of specific experience. Importantly, the lack of interactions in the regression analyses suggests that the influences of age and interval on change are largely additive, and independent of one another.
A second change component can be postulated to be related to the number of measurement occasions between the first and last occasion. The higher average level of change associated with each additional measurement occasion is likely attributable to benefits of repeated experience with the tests. Although prior research (e.g., Salthouse, 2014c Salthouse, , 2015b Salthouse, , 2016a suggests that there may be smaller benefits with increased age on change from a first to a second occasion, the current results suggest that there were little or no age differences in the effects of additional occasions on cognitive change.
A third cognitive change component can be postulated to operate over an interval of days. The changes over this time period are positive, and may reflect performance improvements associated Note. The analyses with the T1-Tn interval as a covariate were based on the entire sample, and the analyses with short and long intervals involved participants with T1-Tn intervals below, and above, the median (5.6 years) interval. Coefficients for age represent Tn-T1 differences for each year of age, and those for number of occasions (NumOcc) correspond to Tn-T1 differences associated with additional measurement occasions. The numbers in parentheses are the lower and upper values for the 99% confidence interval. Sample sizes ranged from 1,267 to 2,636.
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with reductions in anxiety, or acquisition of more effective strategies. Because the gains from the first to the second session were greater at older ages, the initial performance of older adults may have been more limited by anxiety and ineffective strategies than younger adults. Finally, a fourth change component can be postulated to operate over intervals of months to years since the initial occasion. This component may be associated with the maintenance of positive effects, possibly related to anxiety reduction or strategy acquisition, originating in the initial assessment. These short interval changes were nearly equivalent in magnitude in the young and middle groups, but were smaller in the old group.
To summarize, no age differences were evident in the effects on cognitive change associated with the interval between occasions, and there were only small age differences associated with the number of occasions. Age was positively related to change over an interval of about 1 week, but older adults had more negative change than young adults over an interval averaging about one year. This combination of results suggests that processes operating in a period of months after the initial assessment, and possibly associated with losses in the benefits associated with the first assessment, are primarily responsible for age differences in cognitive change.
The four hypothesized change components varied in their sensitivity to age in healthy adults, but the profile could be different in various clinical conditions. For example, certain pathologies may affect the relations of change to interval or to number of measurement occasions, or affect the amount of change occurring across short intervals. Although challenging to investigate because of the design requirements of variable retest intervals and both within-occasion and between-occasion assessments, examination of the components of change in patient groups could prove informative about the nature of cognitive change in specific pathological conditions.
Several limitations of the research should be noted. First, many of the participants were functioning at a relatively high level, with an average estimated IQ above 110, and the results may not generalize to individuals with lower levels of cognitive functioning. Second, the majority of the participants reported themselves to be in very good to excellent health, and it is possible that the nature of cognitive change differs in individuals with lower levels of health, or with various diseases. Third, relatively few of the par- This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
ticipants were over age 75, and there is some evidence that the pattern of change components might differ among very old adults. Fourth, the analyses of difference scores were not optimal because difference scores are correlated with the scores contributing to the difference. Nevertheless, it is worth noting that very similar results were obtained with the latent difference score analyses in which regression procedures were used to control the level of the initial score when assessing change. And fifth, because of the moderately high correlation between interval duration and number of occasions, the effects of one variable could be meaningfully examined only while controlling the value of the other variable. Despite these limitations, the results of this study were consistent in replicating and extending earlier findings that more negative cognitive change with increased age is not attributable to a greater rate of decline as a function of the time between measurement occasions. The current study also revealed that cognitive change was more positive with additional measurement occasions, and that the benefits of more occasions were similar at different ages. However, increased age was associated with less positive change from a first to a second occasion when the assessments were separated by about 1 year, which suggests that age differences in cognitive change are primarily attributable to processes operating across an interval of months between occasions.
Although the results of this study are not directly relevant to age differences in single-occasion cross-sectional comparisons, they have important implications for the interpretation of cognitive change in multi-occasion longitudinal studies. Specifically, these findings suggest that longitudinal change does not reflect a unitary process associated with the mere passage of time, but instead is a product of multiple influences operating in different directions and across different time frames. Before interpreting longitudinal changes in cognitive functioning, therefore, researchers should consider influences of factors such as the number of measurement occasions and the length of the interval between occasions in addition to characteristics such as age of the participant. Note. T11, T12, and T13 refer to the first, second, and third sessions, respectively, on the first (T1) measurement occasion. Age group differences were evaluated with an independent groups t-test, and effect sizes are in Cohen's d units.
